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Description 

[0001] The present invention relates to an improved process for continuous crystallization of polyester resins and 
the equipment used in the process. 
5 [0002] The aromatic polyester resins, particularly three of them, the polyethyleneterephthalate (PET), the copolymers 
of the terephthalic acid with minor proportions of isophthalic acid and polybuthyleneterephthalate, find wide application 
both in the fibres and films area, or as moulding material. 

[0003] While for fibres and films the intrinsic viscosity of the resin is in general between 0.6-0.75 dl/g, for the moulding 
material are necessary higher values, which are with difficulty directly obtainable by the polycondensation process of 
10 the resin. 

[0004] The intrinsic viscosity is increased to the required values (in general higher than 0.75 dl/g) by means of solid 
state polycondensation (SSP) processes of the resin, at a temperature in general between 200 and 230PC. 
[0005] The starting resin used for the SSP process is in the amorphous state; it is therefore necessary to take it to 
a sufficient degree of crystallinity before being submitted to the SSP process. 
15 [0006] The crystallization is necessary in order to avoid polymer chips plugging in the polycondensation reactor that 
is in general formed by a vertical moving bed. where the polymer fed from the top is passed through by an inert gas 
stream which remove the volatile residual products of the polycondensation reaction (ethylene glycol and acetaldehyde 
in the case of polyethyleneterephthalate). 

[0007] The chips of amorphous PET tend to soften at 70-80°C. To avoid that the chips agglomerate among them 
20 forming encrustations and plugs in the equipment, in some processes in use the chips are maintained under continuous 
movement in order to avoid that the same are in contact among them for too long time with consequent irreversible 
crystalline increase of the particles and agglomerates formation crushing-resistant. Processes of this type are carried 
out in discontinuous. The most widespread continuous processes use particular mechanical mixers where the chips 
are subjected to a forced movement. The temperatures are in general between 180° and 220°C. 
25 [0008] The subsequent polycondensation step is carried out at temperatures higher than those used during the 
crystallization (USP 4.161 .578) or the treatment is carried out at temperatures relatively high comprised between 220 
and 260°C, and then the polycondensation process is carried out at temperatures in general lower than those of crys- 
tallization (USP 4.064.112). 

[0009] A drawback of the mechanical mixers is represented by the polymer tendency to stick on the mixer and/or on 
30 the mixer walls. 

[0010] A fluidized bed that does not require mechanical inserts has not the troubles of the mechanical mixers. 
[0011] The use of a whirling fluidized bed has the drawback that the residence times of the particles coming from 
the bed are distributed in a wide values range with consequent wide distribution of polymer crystallinity values. 
[0012] The SSP process, to be effective, requires that the polymer crystallinity is as much uniform as possible. 
35 [0013] Uniform values of crystallization degree are obtained combining the whirling fluidized bed with a fluid bed 
acting with piston movement. 

[0014] The piston movement of the bed allows to realize residence times with very narrow distribution and to obviate 
the broad distribution of the crystallinity values deriving from the use of the whirling fluidized bed. A crystallization 
process of this type is described in the USP 5.119.570. 
40 [0015] The material obtainable with this process presents however such a high agglomerates percentage (higher 
than 40%) that it is necessary a previous de-agglomeration process before sending the material to the SSP stage. 
[001 6] The crystallinity degree obtainable at the exit from the whirling bed is relatively low too; about 3-4% of polymer 
is in the amorphous state. 

[0017] The final crystallinity at the exit of the piston bed is uniform, but it does not reach high values (about 33% of 
45 crystallinity). 

[0018] The process management is problematic due to the difficulty of maintaining the piston movement in the bed 
and the facility by which the bed tends to break in a continuous process and to pass to a mixing condition. 
[001 9] It has been unexpectedly found that it is possible to crystallize polyester resins in a whirling fluidized bed (with 
mixing characteristic) obtaining, surprisingly, at the exit of this bed. uniform values of polymer crystallinity. This result 

50 renders unnecessary the use of fluidized beds with piston movement. 

[0020] It has been moreover found, and this is another aspect of the invention, that the material coming out from the 
whirling fluidized bed is practically free from agglomerates and reaches a high crystallinity value. 
[0021] The high crystallinity degree of the material coming out from the fluidized bed (comprised) between 38 and 
42%) allows to use. without troubles, mechanical mixers acting at temperatures higher than those used in the fluidized 

55 bed, and equal, for example, to those used in the SSP stage. 

[0022] The crystallization process in the whirling fluidized bed of the invention is characterized by the fact that the 
inert gas used for the bed fluidification is fed to the bed at a temperature not lower than 195°C and comprised between 
195 and 235°C, and the average residence time of the particles that pass through the bed is higher than 5 minutes 
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and i. in o.n.r.l c.mprisod boiwaen 5 and 50 minoies. Times high. Ih.n 50 minuies - b. used bo, do no, ,„d ,o 
^^^^5^^SU»«, 2,0 ,nd 230-C: more prafarabl, b.,w..n 2,0 ,„d 22S-C. 

Sf™ S Mdfp^d^d int. ,wo comp.rbnenls a*,n 9 « «- — ic*in, b.lwper, 
!°°h. UPP., «M. of <M comp.dmenl. Th« pO„m„ i, disdh.r t ed torn ,b. daltom. 

is agglomerates free. n^irpd crvstallinity value corresponding to 40-50% by weight by 

[0030] The polymer is subsequently brought to the des.re ^a hn <y P ^ mechanica| ..^ where 

means of subsequent crystall.zat.on proc esses ^ .ch are conven.e y 
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40 



[0031] 

[0033] The chips com.ng out from th.s m.xer ^o^nothe, reside nce time of this second mixer is in 

ZZXSS^~S!^TZ^^ M <"" h ,op ^ ,w ° b,aaes sMS wi,h 

^;rZT„TJZ"^'Z°ZTL osdd. pr.f.r.dl, nllrog.n. which is diroel.llng in couni.rourr.nl ,„ ,h. 
?o\ymer. { . DO | vrner an appropriate crystals organization quanti- 

Eft. ^^-^ «~F«KSS^^ Th " Ksh " ' his P " k 

is. ,h. b.„., ,h. ory.,a»in. o,ganiz.,,on ,. and .l.o M •» « ^™ ™ ° bed ^ 0 . „„,, ►.„«,.. wi,h 

^T°Tb.~~^^ 

L,ion e„d-a,,g. >..d n» r.a...r Iran, <h. lop and ^"^^"SSlondlpg » ,b. onn u».d in ,h. las, oy 
100381 Th« i.mp.raler. in tne polycondnnsaiion r.a.lor is in general P«"»P°"° 3 

Sale ,«P. I. can be high.r » aawer aed I. in g. nor. 5^Tl5i~. The kin.iies =1 me 
,0009] The r.aid.nc lima, ara of few hours ,nd m gmn» "J^ 1 *^ aJM ,„ , „. m „„„ sbal. b.foro 

sr^~^r^ 

such as. for example, dimethylterephthalate _ ter ephthalic units also units deriving from other 

„ <£LS£2ZSZ!£££Z ddids con be presoo, in a go.nlP, - 

?0«T^^°^» »• » »» >"~ * i" 3<="o,er ,orm. padioolarl, in ,h. harm 
of chips. 
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The inert gas used for the fluidization is preferably nitrogen. This gas, coming out from the fluid bed. is sent 



together with the gas coming from poiycondensation step to a purification unit where the gas ,s subjected to oxidation 
at I ^ temp'rature fn genera, comprised between 250 and 60(TC in presence of oxidation catalysts containing Pt or Pt 
and Pd mixtures, preferably using oxygen in stoichiometric quantity with respect to the impurities present in the gas to 

?004^ U Tpurification process of this type is described in PCT/EP93/03117 application whose description is herewith 

ra(^ d TOe qSSng out from the oxidation reactor is optionally subjected to a hydrogenation process with hydro- 
aen to eliminate the oxygen excess and a part is recycled to the fluid bed without previous drying and the rema.n.ng 
part is sent to a drying step and then recycled in part to the fluid bed and in part to the polycondensat.on stage. 
[0049] The following examples are given to illustrate but not to limit the invention. 

Example 1 

[0050] A quantity of 8330 Kg/h of amorphous polyester polymer was fed in a whirling fluid bed precrystallized with 

toT^T^Zs ] Ss^ZX?e« with 2 x 2.5 x 2.5 mm dimensions and is a copoethyleneterephthalate 
containing units deriving from isophthalic acid in percentage of 2.3%. the intrinsic viscosity ,s of 0.60 dl/g. 
[0052] The average residence time in the fluid bed is of 10 minutes. 

0053 In this step was used N 2 as fluidization gas having an average speed in the bed of 3.2 m/s. 
[S] The gas temperature a? the entrance in the bed was 220°C and was maintained constant by means of an 

^TV'heS'lymer com.ng out from the bed fed two mechanical mixers (steps 2 and 3 respectively) with the char- 

The* SnSfin each step was 22 minutes. The chip temperature was 211-C in step 2 and 208*C in 

m057I In Table 1 are shown the results obtained at the exit of each step; at the exit of the first step neither agglom- 
erates nor chips with the amorphous original characteristics unchanged are ^^^^onMb^ was 
measured obtaining an average value of 37.3% comprised between a minimum of 36.3% and a maximum of 38 1%. 
So58] A tne exit of steps 2) and 3) average values of crystallinity of 41 .3% and 44.3% were found respectively. 

0059 The test was repeated (tests 2 and 3) using the same polymer but changing the process conditions. 

5 As it results from Table 1 . the requisites, as absence of agglomerates and amorphous material at the exit of 
step 1 1 . as well as the distribution of the crystallinity percentage around an average value, remained unchanged. 



Example 2 

The test of example 1 was repeated using a different thermal profile. 

The data concerning the used condition and the dispersion of the crystallinity distribution are shown in Table 2. 
Also in this case, samples were collected at the exit of step 1), amorphous polymer and conglomerates were 



[0061] 
[0062] 
[0063] 
absent. 
[0064] 
[0065] 



In Table 2 are shown the data concerning the solid state poiycondensation process (SSP reactor). 
The polymer intrinsic viscosity at the exit of the SSP reactor was 0.8 dl. 



Table 1 



Solid feed in step 1 Kg/h 
Fluidization gas temp. °C 
Fluidization gas speed m/sec 
Average residence time step 1-min 
Average residence time step 3-min 
Amorphous polymer % after step 1 
Agglomerates % after step 1 
Crystallization degree after step 1 - 
Crystallization degree 



% 



Test 


1 


2 


3 


8330 


8330 


10000 


220 


225 


225 


3.2 


3.2 


3.2 


10 


10 


8.5 


22 


22 


25 


0 


0 


0 


0 


0 


0 


37.3 


40.8 


37.3 
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Table 1 (continued) 





Test 


1 


2 


3 


max/min after step 1 - % 
Crystallization degree after step 2 - % 
Crystallization degree after step 3 - % 


38.1/36.3 
41.3 
44.3 


41.5/39.8 
44.0 
45.5 


38.2/36.4 
40.05 
43.0 
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Table 2 



Step 1 


Step 2 


Step 3 


SSP reactor 


~l~mr 


T s 






T~mr 








225 


221 


220 


211 


206 


208 


200 


208 


% crys 


»t. 


% cry st. 


% cryst. 


% cryst. 


39.8 


42 


43.6 


44.5 


46.4 


47.2 


56.8 


58.9 




nr = Heating medium temperature 

emperature of the solid coming out from the step. 



The crystallinity percentage was determined with a densitometry column. 

[0066] The intrinsic viscosity was determined in a solution of 0.5 g of polyester pallet in 200 ml of a solution at 60/40 
by weight of phenol and tetraclorethane operating at 25°C according to ASTM-4603-86. 
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Claims 

1 Continuous process for crystallization of polyester resins with the use of fluid bed crystallizers, comprising the step 
of feeding the amorphous granular polymer to a fluidized whirling bed wherein the temperature of the fluidif.cat.on 
inert gas entering the bed is not lower than 195*C and comprised between 195° and 230»C. and the average 
residence time of the polymer in the bed is higher than 5 min. 

2. Process according to claim 1. wherein the temperature is comprised between 210 and 220°C and the average 
residence time is comprised between 7 and 15 min. 

3 Process according to claims 1 and 2, wherein the polymer coming out from the fluidized bed is fed to subsequent 
crystallization steps, wherein the chip temperature is increased between 10 and 30°C and the residence times are 
higher than 30 min. and comprised between 30 and 70 min. 

4. Process according to claim 3. wherein the polymer is fed to a mechanical mixer which moves the material longi- 
tudinally and submits it to radial mixing. 

5 Process according to claim 3, wherein the material coming out from the mechanical mixer feeds a second mixer 
operating at the temperature of the first mixer and corresponding to the temperature used m a solid state poly- 
condensation step of the resin. 

6. Process according to claim 3. wherein the crystallization steps are carried out in one or more fluidized beds or in 
a fluidized bed combined with mechanical mixers. 

7. Process according to claims 1 and 2, wherein fluidification inert gas is nitrogen. 

8. Process according to any one of the previous claims, wherein the polyester resin is polyethyleneterephthalate or 
copolethyleneterephthalate containing from 1 to 20% of isophthalic acid units. 

9. Process according to claims 1 and 2, wherein the crystallinity degree of the resin coming out from the fluidized 
bed is comprised between 38 and 42% by weight. 
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10. Process according to claim 9, wherein the resin coming out from the fluidized bed does not contain amorphous 
polymer fractions and is agglomerates free. 

11. Process according to any one of the claims from 2 to 6, wherein the crystallinity degree of the resin coming out 
from the crystallization steps is comprised between 40 and 50% by weight. 
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Patentanspriiche 

1 Kontinuierliches Verfahren zur Kristallisation von Polyesterharzen unter Verwendung von Fliefibettkristallisatoren, 
welches den Schritt des Zufuhrens des amorphen, kornigen Polymers zu einem fluidisierten W.rbelbett umfasst, 
wobei die Temperatur des in das Bett eintretenden, inerten Fluidisierungsgases nicht niedriger als 195°C ist und 
zwischen 195° und 230°C umfasst ist, und die durchschnittliche Verweilzeit des Polymers im Bett grower als 5 
Minuten ist. 

2. Verfahren gemafi Anspruch 1 . wobei die Temperatur zwischen 21 0 und 220°C umfasst ist und die durchschnittliche 
Verweilzeit zwischen 7 und 15 Min. umfasst ist. 

3 Verfahren gemafi Anspruchen 1 und 2, wobei das aus dem Fliefibett kommende Polymer nachfolgenden Kristal- 
20 ' lisationsschritten zugefuhrt wird, wobei die Chiptemperatur zwischen 10 und 30°C erhoht wird und die Verwe.lze.- 
ten grower als 30 Min. sind und zwischen 30 und 70 Min. umfasst sind. 

4. Verfahren gemafc Anspruch 3, wobei das Polymer einem mechanischen Mischer zugefuhrt wird, welcher das Ma- 
terial in Langsrichtung bewegt und es radialem Mischen unterwirft. 

25 5 Verfahren gemafi Anspruch 3, wobei das aus dem mechanischen Mischer kommende Material einen zweiten 
Mischer speist, welcher bei der Temperatur des ersten Mischers arbeitet und der Temperatur entspricht. welche 
in einem Festphasenpolykondensationsschritt des Harzes verwendet wird. 

jo 6 . verfahren gemafi Anspruch 3, wobei die Kristallisationsschritte in einem oder mehreren Fliefibetten, oder in einem 
FliefSbett kombiniert mit mechanischen Mischern durchgefuhrt werden. 

7. Verfahren gemafi Anspruchen 1 und 2, wobei das inerte Fluidisierungsgas Stickstoff ist. 

35 8 Verfahren gemafc einem der vorhergehenden Anspruche, wobei das Polyesterharz Polyethylenterephthalat oder 
Copolyethylenterephthalat ist, welches von 1 bis 20% Isophthalsaureeinheiten enthalt. 

9. Verfahren gemaR Anspruchen 1 und 2, wobei der Kristallinitatsgrad des aus dem FliefSbett kommenden Harzes 
zwischen 38 und 42 Gew.-% umfasst ist. 

40 

10. Verfahren gemafi Anspruch 9, wobei das aus dem Fliefibett kommende Harz keine amorphen Polymerfrakt.onen 
enthalt und frei von Agglomeraten ist. 

1 1 . Verfahren gemaft einem der Anspruche von 2 bis 6, wobei der Kristallinitatsgrad des aus den Kristallisationsschrit- 
45 ten kommenden Harzes zwischen 40 und 50 Gew.-% umfasst ist. 



Revendications 

1 Precede continu de crystallisation de resines polyester a i'aide de cristallisoirs a lit fluidise, comprenant I'etape 
consistant a charger le polymere granutaire amorphe dans un lit tourbillonnant fluidise, dans lequel la temperature 
du gaz inerte de fluidisation penetrant dans le lit rVest pas infeheure a 195°C et est comprise entre 195 et 230°C. 
et le temps de sejour moyen du polymere dans le lit est superieur a 5 mn. 

2. Precede selon la revendication 1 , dans lequel. la temperature est comprise entre 210 et 220°C et le temps de 
sejour moyen est compris entre 7 et 15 mn. 

3. Precede selon les revendications 1 et 2, dans lequel le polymere sortant du lit fluidise est achemine vers des 
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etapes de cristallisation ulterieures. dans lesquel.es la temperature des copeaux est augmentee de 10 a 30«C et 
les temps de sejour sont superieurs a 30 mn et sont compris entre 30 et 70 mn. 

4 Precede selon la' revendication 3. dans lequel le polymere est charge dans un melangeur mecanique qui deplace 
s le materiau longitudinalement et le soumet a un melange radial. 

5 Precede selon la revendication 3, dans lequel le materiau sortant du melangeur mecanique est charge dans un 
second mingeur operant a la temperature du premier melangeur et correspondent a la temperature ut.l.see dans 
une etape de polycondensation a I'etat solide de la resine. 

10 6 Precede selon la revendication 3. dans lequel les etapes de cristallisation sont effectuees dans un ou plusieurs 
tits fluidises ou dans un lit fluidise combine a des melangeurs mecan.ques. 

7. Precede selon les revendications 1 et 2. dans lequel le gaz inerte de fluidisation est I'azote. 

15 8 Precede selon Tune quelconque des revendications precedentes, dans lequel la resine polyester est un polyethy- 
^e Srepnla^e ou un copolyethylene terephta.ate contenant de 1 a 20 % de mot.fs acde ,sophtahque. 

9. Precede selon les revendications 1 et 2. dans lequel le degre de crista.linite de la resine sortant du lit fluidise est 
20 compris entre 38 et 42 % en poids. 

10. Precede selon la revendication 9. dans lequel la resine sortant du lit fluidise ne contient pas de fractions de poly- 
mere amorphes et est depourvue d'agglomerats. 

25 11 Precede selon I'une quelconque des revendications 2 a 6. dans lequel le degre de cristallinite de la resine sortant 
' des etapes de cristallisation est compris entre 40 et 50 % en poids. 
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